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1.
K-EDGE FILTER AND AN X-RAY APPARATUS EMPLOYNG SUCH A FTER BACKGROUND OF THE INVENTION
The present invention relates to a K-edge filter for X-ray, which is used for obtaining predetermined spec tra in X-ray apparatuses such as a medical X-ray diag nostic apparatus, a bone density measuring apparatus, a non-destructive inspection apparatus, an X-ray analyzer or the like and an X-ray apparatus employing the K edge filter.
Generally, X-rays generated by an X-ray generator are constituted by photons having various energy levels and have an energy spectrum in which a characteristic X-ray spectrum of a steep waveform is added to gentle continuous X-ray spectrum as shown in FIG. 12. Ab sorption of X-rays transmitted through a substance is caused either by a phenomenon (1) in which X-rays produce a photoelectric effect in the substance so as to emit photoelectrons such that photons vanish or by a phenomenon (2) in which X-rays are partially scattered during travel of the X-rays through the substance. The absorption of X-rays caused by the phenomenon (2) exhibits a noncontinuous change (referred to as an "ab sorption edge") in the attenuation coefficient (absorp tion coefficient). The absorption edge based on K-shell electrons is referred to as a "K-absorption edge' and noncontinuous change characteristics of the attenuation coefficient are employed for an X-ray filter.
In an X-ray diagnostic apparatus, a non-destructive inspection apparatus, an X-ray analyzer or the like, it is a common practice that the X-rays used are measured by limiting the wavelength range or X-rays having a plurality of limited wavelength ranges are measured so as to be compared with one another. Meanwhile, in an apparatus for measuring a substance, for example, a bone mineral densitometry, by dividing the wavelength of the X-rays into a plurality of wavelength ranges, namely, by employing measurement results of a plural ity of X-rays made monochromatic in a pseudo manner, a calculation is performed so as to effect a measurement. A K-edge filter is used as an X-ray filter for separating energy spectrum of X-rays into high and low energy regions. The K-edge filter is made of a material which not only has a K-absorption edge in a target energy region of X-rays but possesses a dependence of H's attenuation coefficient upon energy as shown in FIG. 13. The amount of X-rays which have passed through the K-edge filter changes markedly before and after the K-absorption edge, so that energy spectrum of the X rays is separated into the two energy regions.
FIG. 14 shows an X-ray spectrum obtained after X-rays have passed through a K-edge filter made of gadolinium (Gd) and having a thickness of 100 p.m. It will be seen from FIG. 14 that the energy spectrum of X-rays is separated into two energy regions at a K absorption edge of Gd of 50.2 keV. Such conventional K-edge filters are usually made of only one element having a K-absorption edge in the X-ray region, for example, cerium (Ce), samarium (Sm) or the like.
Meanwhile, in a measuring apparatus employing a K-edge filter, an X-ray detector is usually formed by the combination of a scintillator of NaI or GdWO3 and a photomultiplier tube. A K-edge filter used for the X-ray detector is made of Sm or Ce or the like.
However, the prior art arrangements referred to above have the following drawbacks. In the known 14, the difference between an effective energy of the low energy region and that of the high energy region of the separated energy spectrum of the X-rays is small and the amount of X-rays becomes large in the vicinity of the boundary of the energy separation. Therefore, the energy spectrum of X-rays cannot be distinctly separated into high and low energy regions. Further more, since the width of the spectra of the two energy regions becomes large, a plurality of monochromatic X-rays cannot be produced in a pseudo manner. Mean while, if the thickness of the K-edge filter made of a single element is increased so as to clearly separate the energy spectrum of the X-ray into high and low energy regions, the number of X-ray photons passing through the K-edge filter decreases undesirably.
In an X-ray detector, the characteristic X-ray proper to the substance forming the X-ray detector is produced by an incident X-ray. When this characteristic X-ray is again absorbed into the X-ray detector, an output pulse signal accurately representing the energy of an incident X-ray can be obtained. However, if the characteristic X-ray is emitted out of the X-ray detector without being absorbed thereinto, namely, if the characteristic X-ray escapes, only a pulse signal having a pulse height smaller than that corresponding to the energy of an incident X-ray is outputted. In other words, X-rays are detected at this time as if X-rays having an energy smaller than that of the actual incident X-rays are inci dent upon the X-ray detector. This phenomenon is gen erally referred to as "characteristic X-ray escape'. Out put pulses having a pulse height lowered by this phe nomenon are referred to as "escape peak of K-shell characteristic X-rays'. The frequency of occurrence of characteristic X-ray escape depends on the volume of the X-ray detector and becomes larger the volume of the X-ray detector is reduced.
When ordinary X-rays having an energy spectrum shown in FIG. 12 is detected, the pulse height distribu tion of output pulses is obtained as shown by the curve a in FIG. 15 . This pulse height distribution contains a pulse height component due to characteristic X-ray escape as shown by the curveb in FIG. 15 . Meanwhile, also in the case where the energy spectrum of the X rays is separated into high and low energy regions by passing X-rays through the K-edge filter and is de tected, the pulse component due to the characteristic X-ray escape exists. Therefore, in the case where the energy spectrum of X-rays is separated by the K-edge filter into high and low energy regions by employing energy in the vicinity of the K-absorption edge as the boundary of the high and low energy regions so as to be measured such that the data on the numbers of photons present in the high and low energy regions are utilized, even photons having an energy of the high energy re gion appear as signals partially in the low energy region owing to the characteristic X-ray escape. As a result, it is impossible to obtain the accurate energy distribution of photons incident upon the X-ray detector.
For example, in an Nascintillation detector, charac teristic X-rays of about 1 keV and 28.3-33.2 keV are, respectively, produced for Na and I. In the above char acteristic X-rays, especially the characteristic X-rays for Iposes a problem. FIG.16 shows results of measure ment in which X-ray emitting photons of a maximum energy of 80 keV are measured by the Nascintillation detector through its energy separation based on a K 5,285,489 3 edge filter of Ce having the K-absorption edge at 40.4 keV. The NaI scintillation detector is operated in a photon counting mode and the pulse height of output pulses of the NaI scintillation detector is proportional to the energy of incident X-ray photons. In the abscissa of 5 FIG. 16, pulse height is converted into the energy of photons. When characteristic X-rays of I have escaped, only pulses having a pulse height corresponding to an energy 28.3-33.2 keV lower than energy of incident photons are outputted. For example, assuming that X-ray photons of 70 keV are incident upon the NaI scintillation detector and characteristic X-rays of I es cape, pulses having a pulse height corresponding to an energy of 36.8-41.7 keV are outputted. An effective energy of an output peak at the side lower than a separa tion energy of 40.4 keV is 38 keV, while an effective energy of an output peak at the side higher than the separation energy is 74 keV. In FIG. 16 , the curve b illustrates the output due to characteristic X-ray escape.
As shown by the hatching in FIG. 16 , an effective en ergy of the X-ray escape peak induced by the incident X-ray at the side higher than the separation energy is 44 keV.
When total counts of signals corresponding to an energy not less than the separation energy of 40.4 keV and the total counts of signals corresponding to energy not more than the separation energy of 40.4 keV are obtained as data, the signals shown by the hatching in FIG.16 are produced by the incidence of photons in the high energy region separated by the K-edge filter but are measured at the sides which are both higher and lower than the separation energy based on the K-edge filter. In this example, 40% of the signals shown by the hatching in FIG. 16 are measured at the side higher than the separation energy.
By using the Nascintillation detector, X-ray photons having a maximum energy of 100 keV are measured through the energy separation based on the K-edge filter in the same manner as described above. FIG. 17 shows results of pulse height analysis in the case of the 40 K-edge filter made of Sm. Sm has a separation energy of 47 keV. An effective energy of the peak at the side lower than the separation energy is 45 keV, while an effective energy of the peak at the side higher than the separation energy is 80 keV. As shown by the hatching 45 in FIG. 17, an effective energy of the escape peak of the characteristic X-rays induced by the incident X-rays at the side higher than the separation energy is 50 keV. Since the separation energy of 47 keV is smaller than the effective energy of the 50 keV of the escape peak of 50 characteristic X-rays induced by the incident X-rays at the side higher than the separation energy, about 40% of the output pulses based on the characteristic X-ray escape appear at the side higher than the separation energy.
In the case where signals based on the characteristic X-ray escape are measured at the sides which are both higher and lower than the separation energy, this influ ence should be corrected. However, as the number of such signals is increased further, it becomes more diffi-60 cult to correct for the influence, so that the effects of correction of the influence diminish and the measure ment accuracy of the substance, etc. deteriorates.
SUMMARY OF THE INVENTION
Accordingly, an essential object of the present inven tion is to provide, with a view to eliminating the incon veniences of the prior art, an excellent K-edge filter capable of distinctly separating the energy spectrum into high and low energy regions and an X-ray appara tus capable of measuring the energy of X-rays accu rately by using the K-edge filter.
In order to accomplish this object of the present invention, a K-edge filter according to the present in vention has a main portion functioning as a filter men ber and made of a material containing at least two kinds of elements.
Meanwhile, an X-ray apparatus according to the present invention includes an X-ray detector and a K edge filter, wherein a separation energy of the K-edge filter falls between a first maximum value of energy corresponding to output pulses of X-rays usable as data and a second maximum value of energy corresponding to output pulses of the X-rays obtained at the time when the K-shell characteristic X-rays generated in the X-ray detector have escaped from the X-ray detector.
Alternatively, when the energy spectrum of X-rays have been separated into high and low energy regions by the K-edge filter, a separation energy of the K-edge filter falls between a first effective energy correspond ing to output pulses of the X-rays in the high energy region and a second effective energy corresponding to output pulses of the X-rays obtained at the time when the K-shell characteristic X-rays generated in the X-ray detector have escaped from the X-ray detector.
BRIEF DESCRIPTION OF THE DRAWINGS
This object and features of the present invention will become apparent from the following description taken in conjunction with the preferred embodiments thereof with reference to the accompanying drawings, in Referring now to the drawings, there is shown in  FIG. 1 , a K-edge filter Fi according to a first embodi ment of the present invention. The filter F1 is consti tuted by thin plates 1 and 2 stacked on each other, which are made of gadolinium (Gd) and erbium (Er), respectively. The thin plate 1 has a K-absorption edge of 50.4 keV and is 200 m thick. Meanwhile, the thin plate 2 has a K-absorption edge of 57.4 keV and is 100 um thick.
FIG . 2 shows the spectrum of X-rays which have been passed through the filter F1 upon irradiation of X-rays thereto. As compared with FIG. 14 showing spectrum of X-ray passed through a known K-edge filter, it is apparent that the energy spectrum of the X-rays is separated into high and low energy regions more distinctly and the amount of X-rays transmitted through the K-edge filter at a boundary between the high and low energy regions is reduced over a wider energy range. Therefore, the boundary between the high and low energy regions can be selected from a wider energy range than that of FIG. 14.
Meanwhile, in FIG. 2 , although rise of the low en ergy region is more steep and the spectrum width of the low energy range is made narrower, the amount of X-rays transmitted through the K-edge filter is substan tially the same as that of FIG. 14. The elements used for the filter F1 are preferably combined with each other such that there is a difference of 5-10 keV in K-absorp tion edges between the elements. In place of the thin plates 1 and 2, the filter Fl may be obtained by growing thin films of Gd, Er, etc. by sputtering on a substrate made of an element having a relatively low atomic number, for example, glass. In order to grow the thin films, sputtering may be replaced by vacuum evapora tion, chemical vapor deposition (CVD) or plasma CVD.
FIG. 3 shows a K-edge filter F2 according to a sec ond embodiment of the present invention. In the filter F2, Gd powder 3 and Er powder 4 are uniformly mixed into epoxy resin so as to correspond to a thickness of 100 umper unit area and a thickness of 300 umper unit area, respectively . FIG. 4 shows spectrum of X-rays which have been passed through the filter F2. It will be seen from FIG. 4 that by employing the two elements each having a K-absorption edge in the energy region of the target X-rays, the energy separation of the energy spectrum of the X-rays can be performed distinctly.
FIG . 5 shows an X-ray apparatus according to a third embodiment of the present invention. The X-ray appa ratus includes an X-ray generator 11 for emitting pencil beam X-rays 12, a K-edge filter 13, a CdTe X-ray detec tor 14 employing cadmium (Cd) and tellurium (Te), an amplifier 15, a counter 16, an arithmetic unit 17 and a display unit 18. In this X-rays apparatus, the X-ray 12 are subjected to energy separation into high and low energy regions by the K-edge filter 13 and the count numbers of photons in the high and low energy regions are measured by the CdTe X-ray detector 14 such that a quantitative analysis of a sample 10 to be measured is performed. In FIG. 5 , the pencil-beam X-rays 12 are irradiated over the sample 10 from the X-ray generator 11 through the K-edge filter 13 and X-ray photons transmitted through the sample 10 are converted into electric pulses by the CdTe X-ray detector 14. Then, the electric pulses are amplified by the amplifier 15 so as to be counted by the counter 16. By scanning the X-ray generator 11 and the CdTe X-ray detector 14 synchro nously with each other, it is possible to perform two-di mensional measurement of the sample 10. Meanwhile, images of X-ray transmitted through the sample or calculation results obtained by calculating measured data by the arithmetic unit 17 can be displayed on the display unit 18.
The CdTe X-rays detector 14 is operated in photon counting mode. As shown in FIG. 6 , the CdTe X-ray detector 14 outputs pulses having a pulse height propor tional to the energy of incident X-ray photons. The spectrum of incident X-rays can be obtained by measur ing the pulse height distribution of output pulses of the CdTe X-ray detector 14. The number of photons having an energy larger than a separation energy can be ob tained by measuring pulses having pulse a height larger than that corresponding to the separation energy. On the contrary, the number of photons having an energy smaller than the separation energy can be obtained by measuring pulses having a pulse height smaller than that corresponding to the separation energy.
In the CdTe X-ray detector 14, characteristic X-rays having an energy of 28.0 to 32.5 keV are generated from each of Cd and Te. Therefore, in X-ray photons irradi ated from the X-ray generator 11, output pulses due to the characteristic X-ray escape appear at a side in pulse height distribution whose energy is lower than an en ergy obtained by subtracting 28 keV from a maximum value of energy usable as data. The K-edge filter 13 includes a plate made of Gd and having a thickness of 300 lm and a plate made of Er and having a thickness of 100 m.
FIG. 7 shows pulse height distribution of output pulses obtained in the case where X-rays having been subjected to energy separation by the K-edge filter 13 are measured by the CdTe X-ray detector 14. As shown in FIG. 2 , the separation energy is located between 50 and 60 keV. In this embodiment, the separation energy is set at 55 keV as shown by the point r. By using a pulse height corresponding to 55 keV as a boundary, the sum of photons having pulse height lower than the boundary and the sum of photons having pulse height higher than the boundary are counted such that a quantitative anal ysis, etc. of the sample 10 is performed based on the counted results. The maximum energy of photons us able as data is 75 keV as indicated by the point p. In  FIG. 7 , the portions shown by broken lines illustrate output pulses due to the characteristic X-ray escape. A maximum energy q of output pulses due to the charac teristic X-ray peak is 47 keV (=75-28). Therefore, the separation energy r of 55 keV falls between the maxi mum energy q of 47 keV of output pulses due to the characteristic X-ray escape and the maximum energy p of 75 keV of photons usable as data.
As will be seen from FIG. 7, output pulses due to the characteristic X-ray escape generated by photons be longing to the high energy region shown by the hatch 5,285,489 7 ing are all included in output pulses having an energy lower than the separation energy when counting the number of photons. Therefore, assuming that character A denotes the probability of occurrence of the charac teristic X-ray escape and character CH denotes the count number of photons in the high energy region, as measured by the CdTe X-ray detector 14 and character CRH denotes the count number of photons in the high energy region actually incident upon the CdTe X-ray detector 14, then the count number CRH can be ob tained easily by the following equation.
CRHE CH/(1-A)
Meanwhile, supposing that character CL denotes the count number of photons in the low energy region, as measured by the CdTe X-ray detector 14 and character CRL denotes the count number of photons in the low energy region actually incident upon the CdTe X-ray detector 14, then the count number CRL is given by the following equation.
By considering combination of the energy of the characteristic X-ray escape of the CdTe X-ray detector 14 and the K-edge filter 13, X-rays can be measured easily and accurately. The same effect as described above can be achieved by variously combining such elements as terbium (Tb), dysprosium, holmium (Ho), thulium (Tm), ytterbium (Yb), etc. The probability A can be in advance outlined from such energy spectrum as shown in FIG. 8 by irradiating mononergetic y-rays by the use of 21 Am (americium). In FIG. 8 , the proba bility. A represents the ratio of the hatching portion to the total count number of photons.
In the case where a maximum energy of X-rays to be measured is 120 keV, the energy separation may be performed in the vicinity of 90 keV. At this time, lead (Pb) and polonium (Po) may be combined in the K-edge filter 13. Alternatively, radon (Rn), francium (Fr), thal lium (Tl), polonium (Po), bismuth (Bi), etc. may be combined in the K-edge filter 13.
Meanwhile, in the case of a CdSe X-ray detector employing cadmium (Cd) and selenium (Se) or a CdS X-ray detector employing cadmium (Cd) and sulfur (S), since the characteristic X-rays are generated mainly from Cd, an accurate measurement of X-ray can be performed by using the K-edge filter 13 made of Gd and Er. FIG. 9 shows an X-ray apparatus according to a fourth embodiment of the present invention. the X-ray apparatus includes an X-ray generator 21 for emitting fan-bean X-rays 22, a K-edge filter 23, a multichannel type CdTe X-ray detector 24, an amplifier 25, a counter 26, an arithmetic unit 27 and a display unit 28. By scan ning the CdTe X-ray detector 24 synchronously with the X-ray generator 21, the number of X-ray photons transmitted through a sample 20 to be measured can be counted in a two-dimensional area. Each channel of the CodTe X-ray detector 24 in this embodiment includes an amplifier 25 and a counter 26. The CdTe X-ray detector 24 is operated in a photon counting mode and outputs pulses having a pulse height proportional to energy of the incident X-ray photons. In the case of the multi channel type CdTe X-ray detector 24, the size of each detection element is reduced. As a result, the quantity of X-rays absorbed by each detection element is reduced and the count number of pulses outputted by each de escape is apt to take place.
In the case where quantitative analysis of the sample 20 is performed, the measuring accuracy is raised as the count number of pulses is increased. To this end, a maxi mum energy of the X-ray photons to be emitted is raised such that the count number of X-ray photons in the high energy region is increased. In this embodiment, the maximum energy of X-ray photons to be emitted is 100 keV and the K-edge filter 23 includes a Gd plate having a thickness of 200 um and an Erplate having a thickness of 100 m. FIG. 10 shows pulse height distribution of output pulses of each detection element of the CdTe X-ray detector 24. The pulse height of output pulses of each detection element is proportional to the energy of pho tons incident upon the detection element. In the abscissa of FIG. 10 , the pulse height is converted into the energy of photons. The output pulses due to characteristic X-ray escape generated by incident photons in the high energy region appear in an area having a pulse height smaller than that corresponding to 72 keV as shown by the hatching in FIG. 10 . As shown by the points, an effective energy of this characteristic X-ray escape peak induced by the incident X-rays at the side higher region is about 45 keV.
An effective energy of the output peak at a side hav ing an energy lower than the separation energy of the X-rays which have passed through the K-edge filter 23 is 45 keV, while an effective energy of the output peak at a side higher than the separation energy of X-rays which have passed through the K-edge filter 23 is 75 keV as shown by the point t.
As shown in FIG. 2 , the quantity of X-rays which have passed through the K-edge filter 23 drops in the vicinity of 50-60 keV and thus, the separation energy is located between 50 and 60 keV. Thus, the separation energy can be selected in the range of 50 to 60 keV. In order to lessen the influence of the characteristic X-ray escape, the separation energyis set at 57 keV as shown by the point u so as to fall between the effective energy t of 75 keV of output peak at the high energy side and the effective energy s of the 45 keV of characteristic X-ray escape peak. By using the pulse height corre sponding to the separation energy u of 57 keV as a boundary, the number of pulses in the low energy re gion and the number of pulses in the high energy region are counted so as to be calculated. As will be seen from FIG. 10, most of the pulse height components of the characteristic X-ray escape appear at the side having an energy lower than the separation energy. In this em bodiment, since 96% of the characteristic X-ray escape is counted at the side having an energy lower than the separation energy, the correction of the influence of the characteristic X-ray escape can be accurately per formed.
Assuming that character A' denotes the possibility of the occurrence of the characteristic X-ray escape, and character CL denotes the number of output pulses hav ing a low energy, and character CH denotes the number of output pulses having a high energy, and character CRL denotes the number of low-energy X-ray photons incident upon the CdTe X-ray detector 24 and charac ter CRH denotes the number of high-energy X-ray photons incident upon the CdTe X-ray detector 24, then the numbers CRH and CRL are expressed as fol lows.
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CRLs CL-CRHXA/(1-A) Also by this correction, the accuracy of quantitative analysis can be obtained sufficiently.
In this embodiment, since the K-edge filter is ar ranged such that the separation energy falls between the effective energy of the output peak at the side having a high energy and the effective energy of the characteris tic X-ray escape peak as described above, the influence of the characteristic X-ray escape can be lessened and thus, quite a high measuring accuracy can be obtained.
If the CdTe X-ray detector 24 is replaced by a CdS X-ray detector, the K-shell characteristic X-rays of S is as small as about 2.3 keV. Thus, the characteristic X-ray escape of Sisleast likely to take place. Therefore, in this case, only the characteristic X-ray escape peak of Cd may be taken into consideration and the K-edge filter 23 made of Gd and Er can also be used. FIG. 11 shows an X-ray apparatus according to a fifth embodiment of the present invention. The X-ray apparatus includes an X-rays generator 31 for emitting X-ray 32, a K-edge filter 33, an Nascintillation detec tor 34 acting as an X-ray detector, a counter 35, an arithmetic unit 36 and a display unit 37. The NaI scintil lation detector 34 may be replaced by a GdWO3 scintil lation detector. In the X-rays apparatus, the X-ray 32 generated by the X-ray generator 31 are irradiated, through the K-edge filter 33, over a sample 30 to be measured. Then, X-ray photons transmitted through the sample 30 are measured by the Nascintillation detector 34. The NaI scintillation detector 34 outputs pulses having a pulse height proportional to the energy of the incident X-ray photons. The output pulses of the scintil lation detector 34 are counted by the counter 35 and the count numbers of the counter 35 are calculated by the arithmetic unit 36 such that the calculation results of the arithmetic unit 36 are displayed on the display unit 37.
In the case where X-ray photons having a maximum energy of 80 keV are measured through energy separa tion, the signals due to characteristic X-ray escape of I appear from about 50 keV in the low energy region. Therefore, a combination of elements having a K absorption edge of not less than 50 keV should be em ployed for the K-edge filter 33. For example, in the case of the combination of terbium (Tb), holmium (Ho) and erbium (Er), an energy separation can be obtained in the vicinity of 56 keV. Therefore, the in this embodiment, combination of Tb, Ho and Er is employed for the K-edge filter 33. In addition to this combination, the combinations of samarium (Sn), europium (Eu), gado linium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), ytterbium (Yb), lutetium (Lu), haf. nium (Hf), tantalum (Ta), etc. may be employed.
Meanwhile, in the case where X-ray photons having a maximum energy of 100 keV are measured through energy separation, Gd and Er may be combined in the K-edge filter 33 as in the fourth embodiment. At this time, since band of energy separation is widened, the separation energy can be set between the output peak in -the high energy region and the effective energy of the characteristic X-ray escape peak due to photons in the high energy region, so that correction of the influence of the characteristic X-ray escape can be performed. Also in the case where an HgI2X-ray detector based on mercury (Hg) and iodine (I) is employed, the charac teristic X-rays of I poses a problem. Since the character O istic X-rays of Hg range from 68.9 to 82.6 keV, the characteristic X-ray escape does not offer a serious problem in the case of X-rays of about 100 keV or less.
Therefore, a K-edge filter having the same combination of elements as that of the K-edge filter 33 applied to the Nascintillation detector 34 can be employed.
As is clear from the foregoing description, the K edge filter employing two kinds of absorption materials is excellent in energy separation of X-rays in the present invention. Therefore, by selecting the combination of the K-edge filter and the X-ray detector in view of the energy of the characteristic X-rays generated by the K-edge filter and the X-ray detector and the high and low energy regions into which the energy of X-rays has been separated by the K-edge filter, the numbers of photons of X-ray incident upon the X-ray detector can be measured accurately for the high and low energy regions, respectively.
Although the present invention has been fully de scribed by way of example with reference to the accom panying drawings, it is to be noted here that various changes and modifications will be apparent to those skilled in the art. Therefore, unless otherwise such changes and modifications depart from the scope of the present invention, they should be construed as being included therein.
What is claimed is:
1. A K-edge filter through which X-rays are passed so as to be subjected to energy separation into two energy regions, said K-edge filter including a main por tion functioning as a filter member; said main portion having an effective thickness of at least 100 um; said K-edge filter being made of a material containing at least two kinds of elements whose K-absorption edges are different from each other in a range of from 5 to 10 keV.
2. A K-edge filter as claimed in claim 1, wherein atomic numbers of the elements are in a range from 50
to 85. --3. A K-edge filter as claimed in claim 1, wherein said main portion is formed of at least two thin plates or at least two thin films, which are stacked on each other and are made of the elements, respectively. 4. A K-edge filter as claimed in claim 1, wherein said main portion is made of at least two powder materials of the elements; said powder materials being mixed with each other so as to be fixed in position in said main portion. 5. An X-ray apparatus comprising: an X-ray generator; a CdTe X-ray detector; and a K-edge filter through which X-rays are passed so as to be subjected to energy separation into two en ergy regions; said K-edge filter including a main portion function ing as a filter member; said main portion having an effective thickness of at least 100 um; said K-edge filter being made of a material containing at least two kinds of elements whose K-absorption edges are different from each other in a range of from 5 to 10 keV.
6. An X-ray apparatus comprising: an X-ray generator; a multichannel type CdTe X-ray detector; and 5,285,489 11 a K-edge filter through which X-rays are passed so as to be subjected to energy separation into two en ergy regions; said K-edge filter including a main portion function ing as a filter member; said main portion having an effective thickness of at least 100 am; said Kedge filter being made of a material containing at least two kinds of elements whose K-absorption edges are different from each other in a range of from 5 to 10 keV.
7. An X-ray apparatus comprising:
an X-ray generator; an X-ray detector; and   O   15   25   35   45   50   55   65 12 a K-edge filter through which X-rays are passed so as to be subjected to energy separation into two en ergy regions; said K-edge filter including a main portion function ing as a filter member; said main portion having an effective thickness of at least 100 um; said K-edge filter being made of a material containing at least two kinds of elements whose K-absorption edges are different from each other in a range of from 5 to 10 keV.
8. An X-ray apparatus as claimed in claim 7, wherein said X-ray detector is a CdS X-ray detector.
9. An X-ray apparatus as claimed in claim 7, wherein said X-ray detector is one of an NaI scintillation detec tor, a GdWO3 scintillation detector and an HgI2 X-ray detector.
